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ANIMAL EXPERIMENTS RELATING TO WATER 
DIURESIS TESTS FOR ADRENAL 
INSUFFICIENCY! 


ROBERT GAUNT? 


Department of Biology, Washington Square College of Arts and Science, 
New York University 


OBINSON, Power and Kepler (25) have proposed a relatively simple 

two part procedure as an aid in the diagnosis of Addison’s disease. 
This was based on their own and certain older observations of Rowntree 
and Snell (26) and of Maranén et al. (20). The first part of their test 
(subsequently referred to as the R-P-K test) was simply a determination 
of whether or not the excretion of ingested water was at a normal rate. If 
this response was normal, adrenal insufficiency was considered to be 
eliminated; if it was sub-normal, further exclusive measures based on chlo- 
ride and urea clearance were suggested to establish adrenal insufficiency 
with certainty. 

The present discussion is concerned with some animal experiments 
which bear on the first part of this diagnostic procedure or the ‘‘water 
test.’’ At the time this was proposed for clinical use we had been using 
tests based on the same principle to detect deficient adrenal function in 
experimental animals—a method which developed from the earlier experi- 
mental work of Rigler (24), Swingle, Parkins, Taylor and Hays (35), and 
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Gaunt, Remington and Schweizer (13). Subsequent work has resulted in 
the accumulation of considerable information concerning the deficiencies 
in handling water in adrenal insufficiency, and some of this relates poten- 
tially to the uses and limitations of water diuresis tests in clinical condi- 
tions. Part of this work is summarized here with a consideration of three 
questions primarily in mind, viz.: 

1. What is the mechanism of the deficiency in water diuresis in adrenal 
insufficiency? 

2. Does a deficiency in excreting water always accompany subnormal 
adrenal cortical function? 

3. What conditions are likely to give false positive tests, 7.e., to show 
deficient diuresis in the presence of normal adrenal function? 

The additional use of clearance studies under the conditions of the 
R-P-K test has not been adequately studied, but limited observations in 
our hands did not indicate that such tests were feasible in small animals. 
It is apparent, however, from a wide variety of work in several species, that 
a normal diuretic response to water is dependent upon some action of corti- 
cal hormones, and it has been indicated that within limits the rate of 
diuresis gives a quantitative measure of the amount of cortical hormones 
available (14, 21). 

It is of course also true that many other factors influence diuresis; hence, 
a rigid control of conditions is imperative. 

It is to be emphasized that most of the data presented here are drawn 
from animal experimentation—the author is without experience in the 
clinical phases of the subject—and it is already apparent that some differ- 
ences in the reaction of human and animal subjects to water may occur. 
In general, however, human and animal findings are interchangeable. 


I 
CAUSE OF DEFICIENCY IN DIURESIS IN ADRENAL INSUFFICIENCY 

The physiological basis for the failure of water excretion in adrenal in- 
sufficiency is not well understood. Further studies now in progress may per- 
mit more clarification, but it is to be remembered that the specific nature 
of the diuretic stimulus provided by the ingestion of water in the normal 
subject is still obscure (33). 

There are, however, enough experimental data available to help limit 
and guide further study. Part of this is outlined below. 

1. It is not established whether the inability to excrete water in adrenal 
hypofunction is due primarily to renal or extra-renal factors, but there is 
good basis for believing that both are involved. 

One possible extra-renal cause for the delay in diuresis is a retarded 
water absorption from the gut. In our experience such a delay, associated 
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with a decreased stomach-emptying time, has been seen as a factor of con- 
siderable magnitude in the adrenal deficient states induced by both adrenal 
and pituitary ablation (6, 17). Shipley (32), on the other hand, has found 
it a factor of only minor importance. The basis for the discrepancy is not 
clear. Delayed absorption, however, to whatever extent it may exist, is 
a more potential than real cause of retarded diuresis, because water that is 
absorbed accumulates in the body and is not excreted normally (6, 17); 
fluid introduced intraperitoneally is absorbed but not excreted at a normal 
rate (6); and fluid administered intravenously is not excreted more rapidly 
than that given by mouth (23). It is evident then that factors aside from 
those of absorption are of paramount concern. 

2. Delays in the excretion of water are essentially the same if water is 
given in pure form or as a saline or glucose solution (6, 17, 23), and also 
are the same whether the salt reserves of the body are deficient or in excess 
(23). The inability to excrete NaCl solutions, which are presumably held 
almost entirely in the extracellular space—and in that respect probably dif- 
fer from pure water—points strongly to the involvement of renal deficiencies. 
Such deficiencies would be expected in adrenal insufficiency on a priori 
grounds because of the well recognized dysfunction of the kidney in other 
respects (36). 

3. Data obtained in two laboratories, which, however, in neither case are 
claimed to be direct nor fully conclusive, have indicated that blood volume 
is not increased by water administration in adrenal insufficiency (6, 32). 
This has been tentatively associated with a severe depletion of plasma pro- 
tein, due perhaps to capillary leakage (6). 

4. Indirect evidence has suggested in one laboratory that the absorbed 
but unexcreted water accumulates primarily in the intracellular phase (6). 
Direct thiocyanate measurements, on the other hand, have indicated that 
it is entirely extracellular (32). If the latter is correct and if one grants that 
there is no increase in blood volume, then the water must be held entirely 
in the interstitial spaces. This finding, if confirmed, will be an anomalous 
one. In view of the reduced concentrations of extracellular electrolytes 
mentioned below, excess water would hardly be expected to accumulate 
solely in the interstitial spaces and not to invade the cells. 

5. The administration of water results in decreased plasma concentra- 
tion of various electrolytes, and most notably of Na and Cl (6, 35), even 
after pre-treatment with NaCl (23). In some instances the hematocrit value 
may be elevated (6, 32, 35), or in any case not reduced proportional to other 
blood constituents. 

If water is not retained in the blood and if the electrolytes and proteins 
on which blood volume depends are depleted, there is question as to 
whether or not the excess fluid is immediately available for excretion—a 
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question again that raises the idea of extra-renal factors. In fact the hypo- 
thetical suggestion has been made that the actions of the cortical hormones 
in such respects may be exerted in part (23) or largely (14) on water distri- 
bution. 

6. The further probability that extra-renal factors are involved follows 
from the observation that when sizeable doses of water are given to adre- 
nalectomized animals, replacement therapy with cortical hormones can re- 
lieve certain symptoms of the hydration under conditions where diuresis, 
and, hence, the total water load are essentially unaffected (6, 14). There is 
a “sensitivity to hydration” (37), apparently independent of renal fac- 
tors, which leads readily to a state of water intoxication. 

In small animals, at least, these untoward effects of hydration are first 
and most easily detected, and can be quantitatively gauged by a steady 
and marked fall in body temperature (6). 

7. There is indirect although strong evidence that a hyperactivity of the 
neurohypophysis is not responsible for the delayed diuresis (6). 

8. The deficiencies in water excretion can be repaired, under conditions 
where they are reparable at all’ (cf. Sec. II), by all cortical steroids which 
have been studied. Cortical extract and the 1l-oxygenated cortical sub- 
stances are, however, more effective than desoxycorticosterone (5). The 
phenomenon is unaffected by sex steroids (12), except in hypophysectomized 
animals in which progesterone is effective (29). 

9. The failure of diuresis is not due to any generalized hypotension or 
circulatory collapse, but renal circulation has not been studied. Neither 
is it likely due to the changes in carbohydrate metabolism which charac- 
terize the adrenal deficient state (6). 

In conclusion then it can be said that animals with adrenal insufficiency 
do not excrete water normally and are hypersensitive to hydration. A 
combination of renal and extrarenal factors are probably involved but 
are yet to be defined precisely. How these phenomena are related to the 
better known effects of cortical hormones on electrolyte metabolism, if 
related at all, is also not clear from present evidence. — 


II 
IS WATER DIURESIS INVARIABLY DEFICIENT IN 
ADRENAL INSUFFICIENCY? 
A. Considerations in adrenalectomized animals 


At 18 hours after adrenalectomy rats are to all appearances, and as far 
as blood constituents are concerned, completely normal. It is only by the 
imposition of stress that a lack of cortical hormones can be detected. 

When such animals are given 2 cc. per 100 gm. body weight of water by 
stomach tube (the dose recommended for patients in the R-P-K test) at 18 
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hours after operation they excrete it at about the same rate as normal ani- 
mals, and the latent adrenal insufficiency cannot be detected by such tests 
(Fig. 1, 1-day).’ : 

If these animals are given doses of desoxycorticosterone acetate (DCA) 
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Fic. 1. The percentage water excretion at 2 hours after water administration in 
adrenalectomized rats at different intervals after adrenalectomy. The water dose, given 
by stomach tube, was 2 cc. per 100 gm. body weight—the same as that used on R-P-K 
tests. The water excretion at 2 hours after water administration was arbitrarily chosen 
for graphic illustration; comparable differences were seen at earlier periods. Averages 
are indicated by the cross line. All operated animals were maintained on DCA in doses 
which supported normal growth and apparent good health. 

As pointed out in the text, larger doses of water would have shown deficiencies in 
the adrenalectomized animals on the first day. 


more than sufficient to maintain normal growth and appetite (0.5 to 1 mg. 
daily), and tested again three days after operation their ability to excrete 
these small doses of water is, on the average, clearly deficient; but there is 


’ These data were collected in the author’s laboratory by Miss Mildred Liling. 
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also overlapping with normal controls, and in most individual cases adrenal 
insufficiency might not be suspected (Fig. 1, 3-day). 

One week after operation the diuretic response to water of these appar- 
ently well maintained animals is severely deficient and the overlappnig 
with normal controls is slight (Fig. 1, 7-day). 

More concise and less variable results are obtained if one gives such 
animals slightly larger amounts of water—for instance, two doses of 3 ce. 
for each 100 sq. cm. of body surface, administered an hour apart. The 
total of these two doses is approximately 8 cc. per 100 grams and equal 
to or less than the daily voluntary intake of water. It is not enough to pro- 
duce toxic symptoms. Under these conditions marked deficiencies in han- 
dling water at 18 hours after operation are seen, and after one week despite 
maintenance with either NaCl, DCA, or cortical extract, the diuretic re- 
sponse to water is largely lost. Larger doses of water give still greater dif- 
ferences between adrenalectomized and treated animals (6). 

In the early stages after adrenalectomy the deficiencies in handling water 
can be readily repaired with moderate doses of cortical extract or DCA (5, 
14, 21). Within less than a week after adrenal ablation, however, a refrac- 
toriness to replacement therapy develops and, as seen in Fig. 1, it is appar- 
ently impossible to restore a normal water diuresis (6, 10, 14). 

This inability to prevent the deficiencies in handling water may not be 
true in the dog (35), but it apparently holds in man as indicated by various 
reports: 1) Reforzo-Membrives et al. found that the deficiencies ip water 
excretion are present even though patients are pre-treated with DCA (23); 
2) Dr. R. A. Shipley (personal communication) has made repeated water 
tests before and during a period of intensive DCA therapy in an Addisonian 
patient, and the therapy did not improve the response in any way; 3) es- 
sentially the same results were seen in three patients observed by Dr. D. W. 
Petit at Randolph Field (personal communication). 

The ineffectiveness of cortical hormones in repairing this deficiency in 
adrenalectomized animals was one of the reasons leading to a hypothesis 
that loss of the adrenal medulla was one of the causes of retarded diuresis 
after adrenalectomy (34). This hypothesis has been questioned on experi- 
mental grounds (10) and attempts to restore diuresis in Addisonian pa- 
tients by injections of epinephrine have not been successful according to 
personal communications from Drs. E. J. Kepler and D. W. Petit. 

In summary it may be said that in the early stages after adrenal abla- 
tion the diuretic response to small doses of water may not reveal the po- 
tential adrenal insufficiency. Within a week after operation, however, 
negative results are only rarely obtained. When larger doses of water 
are used the clarity of results from a diagnostic standpoint in animals is 
greatly sharpened. This does not necessarily imply that larger amounts 
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of water would be preferable in clinical tests, since no reports are avail- 
able of the failure of Addisonian patients to show deficiencies even with 
the small doses used. 

The main physiological problem to be explained, however, is the singular 
ineffectiveness of replacement therapy. The problem is probably related 
to that of persisting renal deficiencies reported in otherwise acequately 
treated Addisonians (39). 


B. Other adrenal deficient states 


Hypophysectomy in animals results in a state of chronic adrenal insuf- 
ficiency, in which enough hormone is elaborated to maintain life but not 
to protect against stress. 

Hypophysectomized rats under normal living conditions show a mild 
residual diabetes insipidus, but when given a small dose of water, glucose 
solution, or saline solution by stomach tube or by intraperitoneal injec- 
tion, excrete it as poorly as animals that have been adrenalectomized for 
several days. This deficiency, unlike that in long term adrenalectomized 
animals, is readily relieved by cortical hormones, and whatever may be 
its special pecularities is almost certainly a manifestation of adrenal insuf- 
ficiency (17). Similar results are seen in hypopituitarism in man (23). 

Partial adfenalectomy, resulting from the removal of one gland and 
the demedullation of the second, produces a condition in which the 
handling of relatively large, but not intoxicating, doses of water is deficient 
(4). 

It is likely that the deficiencies in water diuresis subsequently described 
in pantothenic acid deficiency are due to a mild adrenal insufficiency. 


C. Diuretic influences inhibited by adrenal insufficiency 


The consistent dependence of water diuresis on a normal adrenal func- 
tion is well illustrated by the effect of adrenalectomy on various influ- 
ences which normally accelerate the diuresis that follows the ingestion of 
water. Three instances from animal work are available. 

In experimental hyperthyroidism the diuretic response to water is greatly 
accelerated above normal. Adrenalectomy in hyperthyroid animals, even 
before obvious signs of adrenal insufficiency intervene, almost completely 
abolishes this effect of hyperthyroidism (9). Curiously enough, this in- 
stance is apparently one in which there is a qualitative difference between 
the rat and man. In Graves’ disease diuresis has been found to be in- 
hibited rather than augmented (Dr. E. J. Kepler, personal communica- 
tion). fetes a tt 

Rats adapted to the receipt of water by stomach tube develop an in- 
creased diuretic rate and resistance to the toxic effects of excess water. The 
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effects of this adaptation are hardly if at all apparent after adrenal re- 
moval (19). 

The administration of epinephrine provides a powerful stimulant to the 
elimination of excess water. This effect, while still present to some degree, 
is reduced in the absence of normal adrenal function (10), and as men- 
tioned above, may not be present at all in man. 


D. Conclusions 


From all of the foregoing considerations, it is safe to conclude that there 
are no important exceptions to the rule that adrenal insufficiency, even 
in a relatively mild state, is associated with a decreased diuretic response 
to water, when water is ingested in sizable dosage. 

This statement, however, holds only for specific doses of fluid forcibly 
administered. If fluid intake is determined by thirst alone in adrenal insuf- 
ficiency, then the well known Na diuresis is likely to occur in early stages 
and together with other influences leads to dehydration. This apparent 
paradox of a characteristic diuresis and anti-diuresis under conditions 
which differ little is yet to be resolved, except for the concept that in 
adrenal insufficiency the kidney loses its adaptability (23). The results in 
acute tests are not due to the short fasting period routinely preceding 
water administration, nor, as indicated above, to variations in Na stores. 
It is, however, probably related. to the equally curious experimental fact 
that the chronic administration of DCA can induce in susceptible animals 
a diabetes insipidus-like condition (3, 22, 30), whereas cortical extract 
will not do so (27); but if water is given forcibly cortical extract is a more 
effective diuretic than DCA (5, 7). 


III 
WHAT CONDITIONS MAY SIMULATE ADRENAL INSUFFICIENCY? 
Any considerable value of water tests for the diagnosis of adrenal insuf- 
ficiency is dependent on the assumption that false positives will not be 
given by a wide variety of other conditions. Animal experiments throw 
some light on this question. 


A. Glandular deficiencies not interfering with water diuresis 


Hypothyroidism produced either by thiouracil (9) or by surgery (15) 
does not affect water diuresis even when water is administered in fully 
intoxicating doses. 

Removal of the posterior lobe of the pituitary likewise does not affect 
water diuresis (2). On theoretical grounds it would not be expected to do 
so, but there are implications to the contrary in the literature, likely due 
to confusion of anterior and posterior lobe damage. 

Removal of the adrenal medullae in our hands does not interfere with 
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the handling of water in either diuretic or intoxicating doses (10). Evidence 
to the contrary has, however, been presented (34). 


B. Stress and debility 


States most likely to be confused clinically with incipient adrenal in- 
sufficiency are those such as chronic fatigue and general debility for which 
other causes are not evident. While comparable cases are not easily found 
in animals and human patients, it is apparent that a large variety of de- 
bilitating influences fail to show effects like adrenal insufficiency in animals. 

One of the clearest instances we have observed is that seen in the severe 
damage which follows the subcutaneous injection of formalin—a condition 
extensively described by Selye (28). This is, indeed, not a clinical state 
likely to be encountered, but it produces severe and, if continued, eventu- 
ally a lethal injury. During the initial shock-like stages following formalin 
injections the diuretic response to water is largely lost. This period lasts 
only about 24 hours, and may be associated with a transient adrenal in- 
sufficiency; at least cortical extract will improve the symptoms (31) and 
stimulate diuresis following forced ingestion of water (8). Later, even 
though the animals are injected with formalin twice daily, an adaptation 
occurs (Selye’s counter-shock phenomena) during which the diuretic re- 
sponse to water is fully normal. This condition obtains in these gradually 
deteriorating animals until death, which may occur in a matter of days or 
weeks (8). Such results are consistent with related prior studies (18). 

Chronic inanition, continued over a period of several weeks, and severe 
enough to impede growth markedly does not interfere with water diuresis 
in rats (11). In man, however, it is likely to do so (Dr. E. J. Kepler, per- 
sonal communication). 

The imposition of other stresses such as that provided by the intraperi- 
toneal injection of glucose solutions [once adaptation to it has occurred 
(19)], severe chronic lung infections (a few instances only observed), and 
removal of two thirds of the liver, likewise do not inhibit diuresis (8). 

While some types of kidney damage undoubtedly diminish water diure- 
sis, that form of renal pathology which develops several weeks after wrap- 
ping with cellophane, such as is designed to produce hypertension, does not 
do so—even when hypertension itself is absent (8). 

It is clear then that generalized damage, as such, does not alter the 
diuretic response to water in a manner resembling that of adrenal in- 
sufficiency. 


C. Conditions which simulate adrenal insufficiency 


There is classic knowledge of the fact that cardiac and renal disease of 
various types will interfere with water diuresis. It is also self evident that 
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any condition which interferes with alimentary absorption of water would 
have a similar effect. Only less well known instances will be discussed here. 

Animals fed a purified diet presumably adequate in all respects save for 
the lack of pantothenic acid live for long periods of time but show well 
known symptoms including acromotrichia and evidence of adrenal cortical 
pathology. Such animals show a diminished diuretic response to water and 
a susceptibility to water intoxication which is readily relieved by small 
doses of cortical hormones. This deficiency is likely only another manifes- 
tation of adrenal insufficiency, demonstrating the use of water diuresis 
tests in its detection, but further evidence is needed to make this classifica- 
tion with certainty (11). 

Fed riboflavin deficient diets, animals go through a period in which 
symptoms are mild, and then follows a stage preceding death when the 
debility is severe. In the latter condition—one not likely to be seen clin- 
ically—water diuresis is greatly impeded. This, too, is relieved by cortical 
hormones, but there is no other evidence that it is due originally to adrenal 


dysfunction (11). 
Water diuresis is also inhibited in the later stages of certain liver diseases 


(1). 

The anti-trypanosomal drug, germanin, has been reported to cause 
cytotoxic atrophy of the adrenal cortex (16) and symptoms of cortical in- 
sufficiency (38). In rats the evidence of adrenal damage is slight if present 
at all, and after treatment with the drug water diuresis tests are erratic— 
sometimes normal and sometimes deficient. The abnormalities are likely 
due primarily to renal damage, which is severe, and the instance is men- 
tioned here to show that the chronic administration of toxic drugs may 
lead to adrenal insufficiency-like responses by one or another means (40). 


D. Conclusions 

The considerations discussed in Part III show that an inhibition of water 
diuresis is not a characteristic of a wide variety of glandular deficiencies 
and is not apparent in most types of injury. It is seen in some well known 
conditions in which adrenal insufficiency is probably not involved, and in 
some lesser known instances in which adrenal involvement is problematic. 


SUMMARY 


A summary of physiological evidence drawn largely from animal experi- 
ments relating to the use of the sub-normal diuretic response to water as a 
diagnostic measure for Addison’s disease is presented under three heads, 
viz.: 1, the mechanism of the deficiency; 2, the possible exceptions to the 
rule that the deficiency is always present when adrenal function is sub- 
normal; and, 3, conditions which may simulate adrenal insufficiency as far 


as these tests are concerned. 
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The experimental evidence suggests that tests of water diuresis should 
have a useful place in the diagnosis of adrenal insufficiency, although these 
tests are not claimed to be, or designed to be, self-sufficient. 
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N 1941 two procedures to assist in the recognition and exclusion of 

Addison’s disease were described by Robinson and two of us [Power 
and Kepler (30)]. These procedures have since become known as the ‘‘water 
test.”’ It is the purpose of this review to consider the rationale of the test 
and to evaluate it specificity in the diagnosis of chronic adrenal cortical 
insufficiency. Data obtained at the Mayo Clinic during the period from 
January, 1941, to May, 1945, inclusive, have been utilized. The two pro- 
cedures which comprise the ‘‘water test’’ were considered separately and 
in combination. 


I. DESCRIPTION OF TESTS AND INTERPRETATION 


The following description and interpretation of the water test are repro- 
duced in part from the original article of Robinson, Power and Kepler (30). 


Procedure I (based on volume of urine).—On the day before the test the patient 
eats three ordinary meals but omits extra salt. He is requested not to eat or drink 
anything after 6 p.m. Until this time he may drink water as desired. At 10:30 p.m. 
he is requested to empty his bladder and discard the urine. All urine which is voided 
from then on until and including 7:30 a.m. is collected. The volume of this urine is 
measured and it is saved for chemical analysis. Breakfast is omitted. The patient is 
asked to void again at 8:30 a.m. and immediately thereafter he is given 20 cc. of water 
per kilogram of body weight (9 cc. per pound). He is asked to drink this within the next 
forty-five minutes. At 9:30, 10:30 and 11:30 a.m. and 12:30 p.m. he is requested to 
empty his bladder. In order to eliminate the effects of exercise and posture on urinary 
excretion, he is kept at rest in bed except when up to void. Each specimen is kept in 
a separate container. The volume of the largest one of these four specimens is measured. 
Under these conditions some patients having Addison’s disease excrete so little urine 
that they are unable to void more than once or twice during the entire morning... . 

Inferences that may be drawn from procedure I.—1. If the volume of any single 
hourly specimen voided during the morning is greater than the volume of urine voided 
during the night, the response to the test is negative; that is, such a response indicates 
the probable absence of Addison’s disease. 2. If the volume of the largest hourly speci- 
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men voided during the morning is less than the volume of urine voided during the 
night, the response to the test is positive; that is, Addison’s disease may or may not be 
present. 

Procedure II (based on chemical composition of blood and urine).—To carry out this 
procedure blood is drawn (preferably under oil) while the patient is still fasting, and 
the plasma is analyzed for its content of urea and chloride. The specimen of urine which 
was voided during the night is also analyzed for urea and chloride. From these four de- 
terminations, and from the results obtained from procedure I, the following equation 
is solved: 


_ Urea in night urine (mg. per 100 cc.) Chloride in plasma (mg. per 100 cc.) 
“~~ Urea in plasma (mg. per 100 cc.) * Chloride in night urine (mg. per 100 cc.) 





Volume of day urine (cc.) 
Volume of night urine (cc.) 





The term ‘day urine’ applies to the largest of the hourly specimens voided during 
the day; ‘night urine,’ to the entire amount which was voided from 10:30 p.m. to 
7:30 a.m. It is immaterial how these values are expressed, provided that the same 
method is used throughout the equation. For example, if the concentration of plasma 
chloride is expressed as milligrams of sodium chloride per 100 cc. the concentration 
of urinary chloride should be expressed in the same manner. 

Inferences that may be drawn from procedure II.—1. If the value of A is greater 
than 30,? the patient probably does not have Addison’s disease. 2. If the value of A is 
less than 25, the patient probably has Addison’s disease, provided that nephritis has 
been excluded. 

If the results of procedure II are at all equivocal or if they are not indicative of 
Addison’s disease when there is strong clinical evidence to the contrary, the test devised 
by Cutler, Power and Wilder (6) may be conducted. This can be instituted immediately 
without loss of any of the patient’s time, since the day of the ‘water test’ can con- 
stitute the first day of the provocative test. 


Il. HISTORY AND RATIONALE OF PROCEDURE I 


Failure of the patient having Addison’s disease to maintain normally his 
sodium, chloride and water balance has long been known (3, 12, 16-19, 21, 
24, 25, 31). It has been shown that such a person could be thrown into a 
state of acute adrenal cortical insufficiency by deprivation of sodium chlo- 
ride, and that this phenomenon has diagnostic value. Cutler, Power and 
Wilder (6) used it in the development of a relatively safe and quantitative 
diagnostic procedure. Under controlled metabolic conditions, the patient’s 
intake of sodium chloride was restricted, potassium citrate was given 
orally in measured amounts and the urinary excretion of chloride was de- 
termined. If the concentration of chloride in the urine was excessive, for 
example, 225 mg. of chloride per 100 cc. or more, during the last four hours 





2 In this study 30 has been arbitrarily taken as the line dividing normal from ab- 
normal. 
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of a 52 hour period, the patient almost invariably was proved to have Addi- 
son’s disease. 

When the original studies which culminated in this test were planned, it 
was desired to insure a large volume of urine during the crucial four hour 
period in order to facilitate clearance determinations. Consequently a large 
volume of water (2 per cent of body weight) was administered to the patient 
at the beginning of this period. It was soon noted in the cases of Addison’s 
disease that the desired large volumes of urine were not forthcoming. The 
anticipated diuresis did not occur. It was also noted that patients who had 
Addison’s disease tended to excrete a fairly large portion of their total urin- 
ary output at night in contrast to normal persons, who excrete most of 
their urine during the day. Subsequest study of the literature reveals that 
others had made essentially the same observations both on patients and on 
experimental animals (21, 25, 28, 34). After further investigation of this 
failure of diuresis and alteration of urinary output in cases of adrenal cor- 
tical insufficiency, procedure I was developed and standardized. 


III. RATIONALE OF PROCEDURE II 


In this part of the water test the plasma obtained from a specimen of 
blood drawn at 11 a.m. and the urine voided from 10:30 p.m. to 7:30 a.m. 
are analyzed for urea and chloride. The values so obtained are substituted 
in an equation, which when solved gives a low “‘index’’ in cases of Addison’s 
disease, usually 30 or less, and a higher ‘“‘index’’ in subjects without Addi- 
son’s disease. The formula used in procedure II may be written as follows: 


Urea in night urine 
ee Ra Volume of day urine 
Chloride in night urine Volume of night urine 


—— "ee. urine per min. 
Chloride in plasma 





ce. urine per min. 











When the complex fraction therein contained is simplified, the formulation 
which was finally adopted results. Examination reveals that the formula as 
a whole consists of three parts, the first two of which express urea and 
chloride “clearances” ; that is, the average theoretical amount of blood from 
which urea and chloride have been removed per minute during the night 
period. The third portion of the formula embodies the disturbance of ex- 
cretion of water discussed in the preceding section. The complete formula 
thus incorporates three significant metabolic abnormalities which occur in 
Addison’s disease. The relative importance of each of these three com- 
ponents of the formula merits some consideration. 
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Many observers have shown that retention of urea occurs both in pa- 
tients having Addison’s disease and in adrenalectomized animals (3, 17, 28, 
34). The clearance of urea from the blood is usually reduced in these cases 
(37, 40). However, when a group of patients having Addison’s disease were 
studied by Robinson, Power and Kepler (30), it was found that this reduc- 
tion of urea clearance varied within wide limits. This was not surprising, 
since the degree of impairment of renal function in cases of Addison’s dis- 
ease depends to a great extent on how ill the patient happens to be at the 


TABLE 2. COMPARISON OF UREA AND CHLORIDE CLEARANCES OF PATIENTS HAVING 
ADDISON’S DISEASE AND OF PATIENTS NOT HAVING ADDISON’S DISEASE 
BASED ON URINE OF THE NIGHT PERIOD! 











Mean 





| 
: : | Observa- | Mean urea | chloride 
Diagnosis | tions clearance, divine: 
| $8 ROT ec. per min. 
1. Addison’s disease 97 26.3+1.2 0.87 +0.05 
2. Not Addison’s disease 44 32.44+2.3 0.61 +0.06 
Difference between land2 | —6.1+2.6 +0.26 +0.08? 














1 Patients in Group VIII were compared with those in Group I. 
2 The differences are significant by statistical analysis. 


moment. Because of the variability, and because urea clearance is impaired 
in other disease entities, it could not be employed alone for specific diagnos- 
tic purposes. 

It is well known that patients who have Addison’s disease tend to deplete 
their stores of sodium chloride (3, 7, 18), a circumstance which naturally 
led to the suspicion that the chloride clearance would be abnormally high 
in such cases. On investigation, however, it became apparent that the re- 
sults of standard clearance® tests usually showed little deviation from 
normal, a finding noted by others (37, 40, 41). When, on the other hand, 
the ability of the kidney to retain chlorides during the night was studied 
by utilizing the specimen of night urine for chemical analysis, significant 
deviations from normal were encountered (Table 2). These deviations, like 
those of the urea clearance, did not prove to be sufficiently constant for 





3 When such tests are performed according to accepted procedures, a one hour period 
is customarily used, specimens of blood and urine are obtained simultaneously and 
urine voided during the day rather than at night is utilized (43). It is evident from 
Table 1 that there may be marked differences between such clearance tests conducted 
during the day and those performed during the night. 
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diagnostic purposes but the high values for the night chloride clearances 
did have the advantage of being reasonably specific for Addison’s disease. 
On the other hand, when the urea and chloride clearances were considered 
simultaneously and expressed in the form of a ratio, this ratio was found 
to be significantly abnormal in a large proportion of the cases of Addison’s 
disease. There was, however, still a considerable degree of overlapping of 
the values obtained in Addison’s disease and in normal controls. Conse- 
quently, the third factor of failure of diuresis was introduced. When this 
was done, it was found that overlapping was reduced to a minimum. Thus 
the formula was “‘weighted”’ by the introduction of each of its components 
and actually most heavily “‘weighted’”’ by the introduction of the third 
factor. 

In summary, it may be said that in some cases of Addison’s disease the 
urea clearance as here described will be found to be abnormal. The same 
may be said of the chloride clearance. The “urea-chloride’’ ratio will be ab- 
normal in a larger proportion of cases. When, finally, the ratio of the urea 
clearance to the chloride clearance is multiplied by the ratio of the volume 
of urine excreted during the day to that excreted at night an “‘index”’ re- 
sults, the value of which is abnormal in a very large percentage of cases of 
Addison’s disease. 

IV. COMMENT ON PATHOPHYSIOLOGIC CONSIDERATIONS 


Procedure I.—Failure to excrete orally ingested water at a normal 
rate might be the result of one or more of four possible causes: 1, faulty 
absorption of water from the gastro-intestinal tract; 2, an abnormal 
amount of pituitary antidiuretic hormone in the blood; 3, faulty excre- 
tion by the kidneys (11, 23, 26, 41); 4, an abnormal distribution of water 
in the body (7, 14, 20, 38, 39, 44). 

1. Faulty absorption from the gastro-intestinal tract.—This has been 
fairly well excluded as a major factor. The volume of water ingested in excess 
of that recovered in the urine does not issue from the gastro-intestinal 
tract by vomiting or by diarrhea. Furthermore, in a small series of cases 
which were studied, diuresis did not occur even as long as 72 hours after 
the ingestion of water. In fact, the hourly excretion of urine remained 
fairly constant throughout this long period. Much more convincing, how- 
ever, is the fact that 5 per cent solution of glucose in distilled water, given 
intravenously as rapidly as is feasible, does not produce normal diuresis in 
cases of Addison’s disease. This does not prove that water taken by mouth is 
absorbed with normal rapidity but it does indicate that even if the water 
were absorbed its excretion would still be delayed.‘ (Indeed, it has been the 





4 Some evidence has been presented which seems to involve the adrenal medulla (35) 
rather than the cortex in the loss of the diuretic response to ingested water. One person 
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practice in cases in which excessive nausea or vomiting is induced by the 
rapid ingestion of a large amount of water, to repeat the procedure at a 
later date, administering intravenously a volume of 5 per cent glucose in dis- } 
tilled water equal to the amount to have been given by mouth. Tle time 
and the duration of the injection are the same as in the oral method.) 

2. Abnormal amounts of antidiuretic hormone in the blood.—So far as 
water is concerned, another factor, the failure of the supposed pituitary 
control of tubular reabsorption in adrenal cortical insufficiency, merits con- 
sideration as a partial explanation of the failure of diuresis after ingestion 
of water (9). Gaunt, however, has expressed the opinion that hyperactivity 
of the neurohypophysis is not responsible for the delayed diuresis (10). We 
have no data bearing on this possibility. 

3. Faulty excretion by the kidneys.—At necropsy, the histologic ap- 
pearance of the renal cells in cases of Addison’s disease is usually essentially 
normal. However, tests of renal function in this disease, even in the con- 
trolled chronic state, have shown that the function of the kidneys is dis- 
turbed in a variety of ways (15, 22, 41). The careful studies of Talbott and 
his associates indicate that the principal changes are decreased rate of 
glomerular infiltration (inulin clearance) and decreased tubular reabsorptive 
capacity for glucose; renal plasma flow is affected less and tubular excretory 
capacity for diodrast is affected least. Their observations were made on pa- 
tients with normal blood pressure, and since renal plasma flow was inipaired 
less than rate of glomerular filtration, they suggested that diminution of 
the latter is the consequence of decreased efferent arteriolar tone rather 
than of hypotension, which in itself might produce some or all of the changes 
observed. Possibly this condition might account in considerable part for 
the absence of normal diuretic response to ingested water, the essentially 
normal tubules being more than competent to reabsorb the somewhat re- 
duced volume of glomerular filtrate delivered to them. In this respect renal 
function in Addison’s disease may be somewhat comparable to that in cases 


known to have had Addison’s disease-for at least five years and to have had a con- 
sistently positive water test was given graduated doses of 1:1,000 solution of epi- 
nephrine hydrochloride subcutaneously. He was first given 0.5 ec.; then the dose was in- 
creased until for the fifth dose he received 2 ce. of solution of epinephrine hydrochloride 
hypodermically in one site. No change of the response to the water test was noted. 
This has not been attempted in any other case and, though it is true that the dose 
of epinephrine administered was small in comparison to that given to the experimental 
animals on a weight-to-weight basis, it is beyond the usual therapeutic range. Since 
the subject had never received epinephrine previously, the factor of acquired tolerance 
could be disregarded. That the dose used was physiologically effective was demon- 
strated by the subject’s pallor, nervousness and tachycardia. Administration of larger 
doses appeared to be contraindicated. 
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of postural hypotension. In this condition retention of water occurs if the 
water test is conducted when the patient is upright, but does not occur if 
the test is conducted when the patient is recumbent. The response in the 
upright position may perhaps be properly ascribed to decreased renal blood 
flow and consequent decreased glomerular filtrate, due to hypotension, in 
contrast to the suggested diminished efferent arteriolar tone that may be. 
present in subjects having Addison’s disease. 

These possible explanations of lack of diuretic response should not be 
accepted to the exclusion of the possibility that absence of adrenal cortical 
hormone is responsible for specific disturbances of tubular function. De- 
creased ability to reabsorb glucose almost certainly represents such a 
specific disturbance, while tendency toward excessive reabsorption of water 
and potassium but deficient reabsorption of sodium may also represent 
specific effects. The data on sodium, chloride and potassium clearance in 
Table 1, particularly those derived from analyses of night specimens of 
urine, illustrate the tendency toward loss of sodium and chloride and reten- 
tion of potassium, although usually differences in these clearances in sub- 
jects having Addison’s disease and control subjects are small and difficult 
to demonstrate consistently. 

4. Abnormal distribution of water within the body.—Experimental work 
indicates that abnormal distribution of water within the body may occur 
in acute adrenal insufficiency. The evidence, however, is not conclusive. 
The water may be retained intracellularly or in the extracellular spaces 
(excluding the blood). It would then be prevented from reaching the 
kidneys and being excreted. 

In summary, it may be said that all four factors may play a part. Failure 
of absorption of the water is probably the least important and a specific 
alteration of renal function plus an abnormal distribution of water within 
the body could account for the phenomena under discussion. Which of 
these latter two factors is the more crucial remains a problem for further 
investigation. 

Procedure II.—Retention of nitrogenous waste products in the blood 
has long been recognized as a feature of adrenal cortical insufficiency re- 
gardless of the cause of the insufficiency (28, 36, 41). Nevertheless, some 
patients fail to show this azotemia despite the obvious presence of Ad- 
dison’s disease. Moreover, it immediately becomes apparent that errone- 
ous results might be obtained from the use of procedure II in cases of 
primary renal disease with azotemia. The latter consideration constitutes 
an objection to procedure II, which is more apparent than real. Practically, 
there are few occasions when advanced renal insufficiency masquerades 
as Addison’s disease. When such a situation arises (42), as it occasionally 
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does in certain unusual types of renal disease, the differential diagnosis 
can be determined by other means. 

The inability of the patient who has chronic adrenal cortical insufficiency 
to retain sodium or chloride (3), as mentioned previously, has been the 
basis for most of the conventional diagnostic procedures utilized, whether 
it be response to deprivation of salt or therapeutic efficacy of administra- 
tion of salt (13, 19). 

The value of the use of chloride and urea clearances in a diagnostic 
procedure lies not only in the physiologic considerations mentioned pre- 
viously but also in the fact that these determinations can be easily carried 
out even in the routine laboratory. 

So far as both procedure I and procedure II are concerned, it is conceiva- 
ble that unusual states of hydration or dehydration or previous intake of 
sodium chloride or both factors might influence the outcome of the test. 
This problem has been considered and it has been shown that saturating 
the patient, as it were, with sodium, chloride and water for a period of two 
days preceding the test does not have any demonstrable effect on the re- 
sults (29). No studies have been conducted on patients who have been se- 
verely dehydrated. 


V. EFFECT OF PREVIOUS TREATMENT AND OTHER 
FACTORS ON PROCEDURES I AND II 


The effect of several other factors on the response to the ingestion of wa- 
ter must also be considered. These factors are: 1, the influence of specific 
treatment prior to the test, whether it be with desoxycorticosterone acetate 
or with whole adrenal cortical extract; 2, the effect of malnutrition, ca- 
chexia or prolonged febrile illness; 3, the effect of disease of organs other than 
the adrenal cortex. The latter two problems will be discussed in the analysis 
of the results. As to the effect of previous treatment: whenever possible, 
treatment was stopped at least two days before the test but in many cases 
this was not done and in only one case did the result of the water test re- 
vert to negative though it had been previously, and was subsequently, 
strongly positive. This alteration occurred in a case in which the patient, 
two weeks previous to the water test in question, had been given subcutane- 
ously an implant of 120 mg. of desoxycorticosterone acetate suspended in 
1 cc. of beeswax. 

It thus appears that previous treatment has comparatively little effect 
on the results of the test. It has already been shown by others that abnor- 
mal renal function in cases of Addison’s disease does not improve even 
after prolonged specific therapy (41). 
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VI. PRESENTATION OF DATA 
In the period from January 1, 1941, to May 31, 1945, inclusive, 284 wa- 
ter tests were carried out on 226 patients. Of the patients, 119 were male 
and 107 were female. In the entire group, 74 were found to have chronic 
adrenal cortical insufficiency. Of these forty-five were male and twenty- 
nine were female (Table 3). 


TABLE 3. NUMBER OF PATIENTS STUDIED 





SP ReOM ONY, ee | pase 
| | Clinical or 
| | laboratory 











Patients | evidence of 
Diagnosis Age, | Tests | tuberculosis! 
v= yr. } | ee 
} niet Lae 
Mal ‘e- | 1 | Posi- | Nega- 
Male ical | Tota | tive | tive 
Addison’s disease 45 | 29 | 74 6-69 | 110 | 30 | 44 


Not Addison’s disease 74 78 | 152 | 14-70 174 4 | 148 


1 In reviewing the cases, it was of interest to note the incidence of tuberculosis as a 
possible etiologic factor in Addison’s disease. All of the patients here considered had 
roentgenologic examinations of the thorax and, when these were negative for the younger 
patients, Mantoux tests were carried out. When roentgenologic examinations or both 
roentgenologic examinations and Mantoux tests gave negative results without other 
evidence of visceral tuberculosis, the patient was felt to be suffering from adrenal in- 
sufficiency secondary to simple atrophy of the adrenal cortex. This is in keeping with 
data obtained at necropsy in cases of Addison’s disease at the clinic during the period 
from 1929 to 1939. In this period necropsy was performed in 30 cases of Addison’s dis- 
ease. In twelve adrenal cortical tuberculosis was found, in fourteen only simple atrophy 
of the adrenal cortex, in two carcinomatous destruction of the adrenal cortex and in two 
the pathologic process was undetermined. [Of these latter two, one was apparently 
tuberculous, the other, simple atrophy (5)]. To be certain of like conclusions, however, in 
the group now under consideration one must await the necropsy findings in these 
cases (32). 


The diagnosis of chronic adrenal cortical insufficiency was based in each 
case on the following data: 1, history and physical examination; 2, labora- 
tory findings; 3, response, when indicated, to the Cutler-Power-Wilder 
test; 4, response to replacement therapy, with either desoxycorticosterone 
acetate or whole adrenal cortical extract. The diagnosis was substantiated 
by subsequent follow-up studies or necropsy when possible. 

For the purpose of study and analysis, the patients have been divided 
into eight groups based on the diagnosis. Each group will be considered 
separately. Some of the findings are summarized in Table 4. The specificity 
of the water test was checked by considering the results in the four possible 
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combinations as follows: 1, positive procedure I, positive procedure II; 
2, negative procedure I, negative procedure II; 3, positive procedure I, 
negative procedure II; 4, negative procedure I, positive procedure II. 


TABLE 4. DATA ON PATIENTS ACCORDING TO DIAGNOSIS 








~ = fei = - — : — = ee 
Positive | Negative | Positive | Negative 


Patients 
: : tee ,| Procedure I| procedure I | procedure I procedure I 
Diagnosis | Fe- | Tests Positive Negative | Negative | Positive 
Male male | Total procedure II procedure II\procedure II\procedure II 
1. Addison’s dis- 45 29 74 74 60 8 5 1 
ease proved 
2. Addison’sdis- 2) 0, 2. 2 0 0 
ease not proved, 
clinically sus- 
pected 
3. Addison’s dis- 14 30 44 44 5 34 4 ] 
ease considered | 
and clinically 
disproved 
4, Sprue, anorexia | 14 15 | 29 | 29 17 6 6 0 
nervosa, post- | 
gastrectomy 
syndrome, 
cachexia and | 
allied disorders . 
5. Thyroid disease; 3 | 6 9 9 4 4 0 l 
6. Hepatic disease | 5 | 2 7 a 4 2 l 0 
7. Pituitary diss | 9 | 8 | 17! 17 12 3 2 0 


ease and Cush- 
ing’s syndrome | 

8. All other diag- | 27 | 17 | 44 | 44 2 41 1 0 
noses clinically 
not Addison’s | | 
disease | | | | | | 








1 The apparent discrepancy in the number of tests performed as noted in the text and the 
number noted in this table lies in the fact that in the table only the first test performed on the 
patient is considered. The results of repeated water tests are discussed in the text. 


Group I.—Cases in which the diagnosis of Addison’s disease was con- 
sidered to have been established are included in this group. 

Of the 74 patients comprising group I, sixty had a positive response 
to both procedure I and procedure IT. Eight had entirely negative response 
to procedure I and procedure IT; five had a positive response to procedure 
I and negative response to procedure II and one had a negative response 
to procedure I and positive response to procedure II (Table 5). This would 
give the test as a whole an accuracy of 81 percent, whereas procedure I 
alone was accurate in 88 per cent of the cases and procedure II in only 
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82 per cent, which does not differ significantly from the 81 per cent for the 
test as a whole. It would seem, therefore, that procedure I is a highly 
sensitive test for chronic adrenal cortical insufficiency (33). 

Negative procedure I and negative procedure II.—In the original series 
of cases studied in 1941 there were no examples of false negative tests. All 
of the patients thought to have had Addison’s disease had positive tests. 
It was felt however from a consideration of the anatomic pathology of 


Y 


TABLE 5. Group I: ADDISON’S DISEASE PROVED: CASES IN WHICH RESPONSE 
TO WATER TEST WAS COMPLETELY OR PARTIALLY NEGATIVE 























] 
T.B. | Reaction to 
Result of | Pa- | Age, + | deprivation : 
test | tient | yrs. or of salt Comment 
| — (C.P.W.) 
Negative | 1 6 - Negative 1 yr. later procedure I positive. Re- 
procedure I | | after 9 days | quired 3 cc., then 6 cc. of adrenal cor- 
Negative | | tical extract intramuscularly daily to 
procedure IT | | maintain health 


| 2 | 11 | + | Negative One sister died aged 7 yr. of Addison’s 
| | | disease. Required large salt intake and 
supplementary treatment for any 





illness 

Only one positive water test done 
several days after acute crisis nearly 
induced by “C.P.W.” 


| 
| | 
| 17 - Positive 
| 
oe | 24 - Not done _ In first test, collection of night speci- 
| 
| 


after 4 days 


men incomplete. Second test during 
period of diarrhea—effect? Third test 
positive under controlled conditions. 
All tests done within a period of 10 
days 

Duration of definite symptoms 10 mo. 











or 


34 | + Not done 


‘Be ae 


| June, 1942, | Duration of definite symptoms 10 mo. 
| | negative | June, 1942, water test and C.P.W. 
| June, 1943, | negative. January, 1943, Procedure I 
| | | positive positive 
| after 6 days 
Y lah ati — Not done Definite symptoms 6-7 mo. Water test 


negative when repeated 1 yr. later. 
| | | In addition to daily desoxycorticos- 
terone acetate patient requires cortical 
extract for minor illnesses 

| 8 42 | — | Negative Atypical history, typical physical 
| 


findings. Clinical response to C.P.W. 
positive, chemical response negative 
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TABLE 5. Continued 





| | | T.B. | Reaction to 




















Result of | Pa- | Age, _— | deprivation 
test | tient! yrs. | or | of salt Comment 
| Liter (C.P.W.) 
| 
Positive 1 36 ee | Positive Diagnosis made in 1939, water test 
procedure I | | 1939. Not | positive at that time. Did not drink all 
Negative done in 1942} water for water test in 1942 
procedure II 38 ae | Not done Technic of first test questionable. Re- 
| peated intravenously next day—posi- 
| | tive 
3 | 48 | — | Negative First test 1942; second test, 1943, 
| | after 72 hrs. | positive, at which time treatment pre- 
| | in 1942 viously adequate was becoming in- 
| | sufficient 
4 63 — | Negative Clinical response to C.P.W. test posi- 
| tive, chemical response negative. In- 
| creased salt intake adequate for ther- 
| apy 
5 24 — | Not done Admitted in acute addisonian crisis; 
died in hypoglycemia and desoxycor- 
| ticosterone acetate intoxication. Nec- 
| | ropsy showed bilateral adrenal cortical 
| atrophy 
Negative 1 42 + | Not done Vomiting constantly before and dur- 
procedure I ing time of test. Necropsy showed 
Positive a bilateral adrenal tuberculosis 
procedure II | | 














Addison’s disease that sooner or later some patients would be encountered 
who probably did have destructive lesions of the adrenal cortex and nega- 
tive water tests. In the present series of cases there are eight such patients. 
We have entertained the thought that these patients may have had enough 
residual adrenal cortical function to give normal water tests (vide infra). 

Positive procedure I, negative procedure II.—Of the five cases in which 
the response to procedure I was positive and that to procedure II was 
negative, there are two in which the test may have been improperly 
carried out technically. These might well be discarded but for the sake 
of complete accuracy they are retained. 

Results obtained in the study of two of the remaining three patients of 
this group also indicate that some patients who have Addison’s disease 
have a relatively large amount of residual adrenal cortical function. 
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Negative procedure I, positive procedure II.—There was one case of 
proved adrenal cortical disease in which procedure I was negative and 
procedure II positive. The results are questionable because on the day 
and night preceding the test, as well as during it, the patient had per- 
sistent vomiting and lost a great amount of fluid and electrolytes. The 
effect of this continuous loss of fluid on the volume of urine excreted 
during the night, as well as on the chloride concentration in the urine, 
must be considered (8). The patient died suddenly a few days after the 
water test was performed. At necropsy bilateral adrenal cortical tubercu- 
losis was found. An acute hemorrhage had destroyed all of the non- 
tuberculous portion of one adrenal. The test was performed before the 
hemorrhage occurred. This case might well be excluded from the group 
of so-called false negatives. 

In all of the fourteen cases considered in the preceding paragraphs, the 
presence of adrenal cortical disease or insufficiency or both has been con- 
firmed either by necropsy or by subsequent follow-up studies to determine 
the reaction to the treatment employed. 

If the water test is to be considered a definitive test for the presence of 
adrenal cortical insufficiency, it would be difficult to understand why any 
patient having Addison’s disease should give a negative response to this 
procedure unless a dynamic rather than a static view of this condition is 
taken. In this respect, the differential factor probably lies in the amount 
of functional activity still present in the remaining relatively healthy 
portion of the adrenal cortex. Such a view is strengthened by several 
points: 1. Practically all of the patients who gave a negative response 
had, with the exception of pigmentation, a relatively short history of symp- 
toms and signs ascribable to adrenal cortical insufficiency. 2. When the 
response to the test first performed is negative, the responses to sub- 
sequent tests have been found to be positive. Characteristically, the re- 
sponse to procedure I becomes positive first, then positive to procedure IT. 
3. Most important of,all, when a progressively destructive adrenal cortical 
disease exists without adrenal cortical insufficiency, if the water test is 
negative, it is difficult and sometimes impossible to demonstrate any de- 
ficiency of the adrenal cortex by any other means now commonly em- 
ployed. In other words, the water test should be regarded as an adrenal 
function test, the results of which usually, but not always, can be cor- 
related with the anatomic status of the adrenal cortices. 

Group II (Table 6).—There were two cases in which it was felt that the 
suspicion of Addison’s disease was too strong to be discarded but the 
presence of the disease could not be proved on the basis of the criteria 


given previously. 
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Patient 1 had only diffuse melanin pigmentation to suggest adrenal 
disease. On further study nothing was found to substantiate adrenal cor- 
tical disease or insufficiency. 

Patient 2 had active pulmonary tuberculosis and some of the clinical 
symptoms of Addison’s disease. Procedure I of the water test gave posi- 
tive results, as did procedure II. However, the Cutler-Power-Wilder salt 
deprivation test gave negative results. There were no laboratory findings 
to substantiate the diagnosis of adrenal cortical disease but the patient 
was suspected to have incipient adrenal cortical tuberculosis. 


TABLE 6. Group II: ADDISON’S DISEASE NOT PROVED BUT CLINICALLY SUSPECTED! 





Reaction to 





Bosult of | Pa- | Age, |deprivation| ‘ 
esult of test | tient | yr. | obet..1 Comment 
| | (C.P.W.) 





| 
. ; | | - i Ee sed ae? 

Negative procedureI | 1 | 39 | Negative | No definite clinical or laboratory 
Negative procedure II | | criteria except diffuse melanin pig- 


mentation 





poor 

Positive procedureI | 2 | 39 | Negative | Active pulmonary tuberculosis clini- 

Positive procedure II | ' cally. Had pigmentation and weak- 
ness. Probably incipient adrenal 
cortical insufficiency. 





1 Both patients gave evidence of tuberculosis. 


Group III (Table 7).—In this group are contained those cases in which 
the possibility of Addison’s disease was considered at the clinic or else- 
where but was discarded because of lack of evidence. Of the 44 cases, in 
33, a diagnosis of chronic nervous exhaustion was matle; in four, increased 
melanin pigmentation was found; in two, reactive depression states were 
present; in one, asthma and bronchitis; in one, a brain tumor was present; 
in one, chronic rheumatoid arthritis, and in two, active pulmonary tu- 
berculosis. In none of these cases was there sufficient clinical or labora- 
tory evidence to render tenable more than a passing suspicion of Addi- 
son’s disease. In the ten cases in this group in which the water test gave 
completely or partially positive results the response to sodium chloride 
deprivation was negative in six cases, and the Cutler-Power-Wilder test 
was not performed in four cases. In two cases a second water test con- 
ducted the day following the first test gave negative results. (The test is 
repeated whenever it is considered that there may have been technical 
errors in the performance of the first test.) 








TABLE 7. Group III: AppISON’s DISEASE CONSIDERED AND CLINICALLY DISPROVED; 
CASES IN WHICH RESPONSE TO WATER TEST WAS COMPLETELY 
OR PARTIALLY POSITIVE 














Result of | Pa- Di , 
° § S1S 
test tient ey eter: 
int $ 
Positive 1 Chronic nervous | 
procedure I exhaustion, reac- 
Positive tive depression 
procedure II} 2 | Asthma, chronic | 
A bronchitis 
3 | Active pulmo- | 
nary tuberculo- 
| sis 
4 Hypertrophic 
arthritis 
5 Chronic nervous 
exhaustion 
ae i | 
Positive 1 Chronic nervous | 
procedure I exhaustion 
Negative 
procedure II 
¥ | 
2 Chronic nervous | 
exhaustion | 
| 
3 Chloasma 
4 Exhaustion | 
state | 
a — ee 
Negative l Chronic nervous 


procedure I 

Positive pro- 

procedure II 
D 








exhaustion 


Age, 
yr. 


36 


45 


48 


54 


36 


44 


49 


49 





T.B. |Response to 
+ |deprivation , 
He of salt Comment 
— | (C.P.W.) | 
_ Negative | Weakness and fatig- 
| ability. No stigmata 
| of Addison’s disease 
_ Not done | Died 2 days after 
| | test; adrenals nega- 
| | tive 
+ | Negative | Had weakness and 
weight loss. No stig- 
mata of Addison’s 
disease 
— | Not done | Water test repeated 
| intravenously next 
day; negative 
- Negative | Water test repeated 
| after 10 | 10 days later. Proce- 
dure II negative. Had 


| days 


atypical pigmenta- 


| tion, weakness, nor- 
; mal 


17-ketosteroids 





Not done 


| Not done 


Negative 


| Negative 


Repeated test nega- 
tive. Had some weak- 
ness and weight loss. 


' Nostigmata of Addi- 


son’s disease 
Some weakness and 


weight loss. Clini- 
cians’ opinion after 
examination: ‘‘defi- 


nitely not Addison’s 
disease”’ 

Diagnosed Addison’s 
disease elsewhere. No 
stigmata. Some loss 
of strength and 
weight 

Diagnosed Addison’s 
disease elsewhere. 
Clinically negative. 
Weakness. 





Negative 





No findings of Ad- 
dison’s disease 
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As it was important to consider false negative results in Groups I and 
II, so it is important to consider in greater detail false positive results 
of tests in groups known not to have organic adrenal cortical disease. In 
the latter group some of these patients may have had secondary adrenal 
cortical insufficiency. In consideration of the results given in Table 7, it 
would seem proper to discard case 4 in the first category and case 1 in the 
second. This would reduce the number of false positives from ten to eight. 
In all of the other cases the patients had in common a definite reduction 
of physical vigor if not loss of strength. Two of the patients (2 and 3 in 
Group A of Table 7) were definitely cachectic. Whether a deficiency of 
function of the adrenal cortex entered into the finding of a positive result 
of the water test in those cases in which weakness was a presenting com- 
plaint is open to conjecture but the frequency of false positive results in 
cachectic states tends to point to possible secondary adrenal cortical insuf- 
ficiency under such circumstances (26). Consideration of Group IV adds 
to this point. 

Group IV (Table 8).—Cases in which there were malnutrition and ca- 
chexia to a greater or lesser degree are included in this group. No matter 
what the primary factor underlying the cachectic state was in each of these 
cases, the degree of positivity of the water test depended on the degree of 
cachexia per se (26). Further data on the patients of this group are given 
in Table 8. 

There: are several important facts not incorporated in Table 8 which 
might well be stressed: 1. In no case in which the result of the water test 
was positive did the Cutler-Power-Wilder salt deprivation test give a 
positive result. 2. When the result of the water test was originally negative 
in a case of mild cachexia, it became positive as the patient’s condition 
grew worse. 3. If the result of the original test was positive in a case of 
moderate or severe cachexia it became negative as the patient’s condition 
improved. Examples of the last two statements are found in two of the 
cases of anorexia nervosa and the case of ulcerative ileocolitis. In both of 
these cases of anorexia nervosa the water test when first performed gave 
a negative result. Neither of the patients responded to any therapeutic 
measures and both grew materially worse while under observation. Water 
tests carried out at a later date when the patients had become more ca- 
chectic were found to give positive results. The patient who had ulcer- 
ative ileocolitis gave a strongly positive response to the water test at a 
time when he was febrile, emaciated and cachectic. A test repeated when 
he was symptom free and had gained a great deal of weight and strength 
gave negative results. 

Group V (Table 9).—Cases in which the presenting complaint was 
thyroid disease were included in this group. Three patients who had ex- 
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ophthalmic goiter gave positive responses to water tests, as did one of 
two who had adenomatous goiter with hyperthyroidism. Of the three 
patients who had myxedema none gave a positive response to a water 
test except one for whom procedure II was positive. Two of the patients 










TABLE 8. Group IV: sPRUE, ANOREXIA NERVOSA AND SO FORTH! 












































































e { | 
| | Sex | Positive Negative Positive Negative 
. Sots Pa- |. procedure I | procedure I | procedure I | procedure I 
Diagnosis | Seentey | Fe- | Positive Negative Negative Positive 
| — male ‘aware II|procedure II)procedure II/procedure IT 

1. Anorexia | | | 
nervosa Ofek iby 4 4 1 0 

2. Postgastrec- | 
tomy 6 | OS 3 | 1 2 0) 

3. Postgastrec- | | | 
tomy | | | 
“dumping | | | | 
syndrome” | 3 | 1 be] 2 0 | 1 | 0) 

4. Inoperable | | | | 
carcinoma | | | | 
of stomach | 3 | 2 1 3 | 0 | 0 0 

5. Nontropical 
sprue Eee en. I | 0 I | 0 

6. Malnutri- | | | | 
tion bR frabeiped I 0 1 0 

7. Dermato- | | | | 
myositis 4 | 0 1 | 0 0 0 

8. Acute | 
rheumatoid 
arthritis tae (ee | 1 I | 0 | 0 0 

9. Ulcerative | | 
ileocolitis | 1 | 0} 1 l 0 0 0 

10. “Operable”’ 
carcinoma | 
of stomach | 1 ou oe ae 0 0 0 





None of the patients gave evidence of tuberculosis. 


who had exophthalmic goiter underwent subtotal thyroidectomy; the 
third was treated with thiouracil. In the two cases in which operation was 
performed the result of the water test reverted to normal postoperatively 
in one case and in the other the reaction to procedure I became negative. 
The response of the patient treated with thiouracil remained positive de- 
spite a remission of all the signs and symptoms of thyrotoxicosis. A Cutler- 
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Power-Wilder test performed preoperatively in one of the cases of thyro- 


toxicosis gave a negative result. 
The occurrence of a positive reaction to the water test in the presence of 


TABLE 9. Group V: THYROID DISEASE 























| Age,| 







































































Diagnosis | yr | Sex | Water test | Comment 
| | | 
1. Exophthalmic | 37 | M | Positive procedure I | Procedure I negative 1 mo. after 
goiter | | Positive procedure II | subtotal thyroidectomy 
2. Exophthalmic | 44 | F | Positive procedure I | Both procedures negative 3 wk. 
goiter | | Positive procedure II | after subtotal thyroidectomy 
Wore ERY | 
3. Exophthalmie | 48 | M | Positive procedure I Treated with thiouracil. 
goiter | | | Positive procedure II | Water test positive 1 mo. after 
| | | treatment was begun 
| | 
| | 
4. Adenomatous | 67 | F | Positive procedure I Water test not repeated 
goiter with Positive procedure II 
hyperthyroid- 
ism | 
Eas | 
5. Adenomatous | 53 | F | Negative procedure I | Water test not repeated 
goiter with Negative procedure II 
hy perthyroid- 
ism 
6. Adenomatous | 59 | F | Negative procedure I | Water test not repeated 
goiter without Negative procedure II 
hyperthyroid- 
ism 
7. Myxedema 38 | M | Negative procedure I | Water test not repeated 
| | Positive procedure II | 
ay | | 
8. Myxedema 54 | F | Negative procedure I | Myxedema followed resection of 
Negative procedure IT} recurrent exophthalmiec goiter 
9. Myxedema |16/F Negative procedure I | Water test not repeated 
| | Negative procedure II | 








hyperthyroidism naturally suggests that adrenal cortical function may 
be impaired in this condition. This possibility also has been postulated 
by others (9, 12, 27). No definite conclusions, however, are warranted 
from our observations. 
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Group VI (Table 10).—-Patients who had hepatic disease were studied 
with respect to their response to the water test. Of these, four had hepatic 
cirrhosis, one had congenital hepatic dysfunction, one had chronic cal- 
culous cholecystitis and one was found to have hepatomegaly due possibly 
to a primary hepatoma. This last patient also had mild diabetes mellitus. 

The response to the water test in this group seems directly related to 


TABLE 10. Group VI: HEPATIC DISEASE 















































: | | Age, | ’ 
Diagnosis | Sex | yr | Water test 
; 
1. Hepatic cirrhosis | F 38 Positive procedure I 
Negative procedure II 
2. Hepatic cirrhosis ee | 56 | Positive procedure I 
| Positive procedure II 
3. Hepatic cirrhosis M | 59 Positive procedure I 
Positive procedure II 
| 
4. Hepatic cirrhosis M | 3! | Negative procedure I 
| | Negative procedure IT 
5. Chronic calculous cholecystitis M | 56 Positive procedure I 
| Positive procedure II 
6. Hepatomegaly, hepatoma (?), diabetes | M | 51 | Positive procedure I 
mellitus | | Positive procedure II 
| 
7. Congenital hepatic dysfunction | M | 27 Negative procedure I 


| Negative procedure II 





the degree of hepatic dysfunction found clinically, a phenomenon noted 
by others (2). The only contradiction to this occurs in the case of chronic 
calculous cholecystitis, in which there was no evidence of hepatic dys- 
function, yet in which the response to the water test was positive. The 
validity of the results of the test in this instance may be questioned, since 
it was found that the patient had drunk a fairly large amount of water 
during the night of the test. The Cutler-Power-Wilder test gave negative 
results. None of the patients studied were malnourished or cachectic. In 
none of the cases was adrenal cortical insufficiency considered. The part 
played by the liver in the partitioning of water in the body or in the nor- 
mal diuretic response is as yet undetermined (1). It would seem from the 
foregoing result that it may be a definite factor and one which deserves 
further investigation. 
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Group VII (Table 11).—-Group VII includes eleven cases of pituitary in- 
sufficiency, one case of chromophobe adenoma with slight pituitary insuf- 
ficiency, two of “pituitary basophilism,”’ two of adrenal cortical tumor and 
one in which all of the findings of ‘‘Cushing’s syndrome” were manifested 
but in which the etiologic factor could not be determined. 

In each of the eleven cases of pituitary insufficiency the result of the 

TaBLE 11. Group VII: prruITaRy DISEASE AND CUSHING’S SYNDROME 
Negative | Positive 
procedure I 

Negative 
procedure II 








| | Sex | Positive Negative 
procedure I 
| Positive 

procedure IT 











| Age, | procedure I} procedure I 
| yr. Positive | Negative 
procedure II procedure II 


Diagnosis | Fe- 


| male 











Male 
| | 


| 
4 11 | 0 | 0 | 0 





| | 

1. Pituitary in- 18-53 e4 
sufficiency | 
(11 cases) | | 

2. Chromophobe| 47 a aH 0 | 0 | I 0 
adenoma. | 
Little pitui- | 
tary insuffi- | | | | 
ciency 
(1 case) | 

3. Pituitary 21-33} O | 2 | l 
basophilism | | 
(2 cases) | 

4. Adrenal cor- |46-63| 2 
tical tumor | | 
(2 cases) | 

5. Cushing’s | 21 | 1 
syndrome | | 

(cause?) | | 

(1 case) 


| 
| 











water test was positive. In the one case of chromophobe adenoma the 
tumor did not interfere greatly with the function of the pituitary gland. 
The anatomical cause of the anterior pituitary insufficiency is seemingly 
not important. Whether such failure is caused by primary atrophy of the 
gland, surgical trauma, tumor or hemorrhage is not as significant as the 
associated loss of function. 

As can be seen in Table 11, the lesions which did not produce pituitary 
insufficiency did not follow any definite pattern so far as response to the 
water test was concerned. 

The positive response to the water test which has been found to ac- 
company a considerable decrease of the function of the anterior lobe of the 
pituitary body may be due to a failure of function of this gland per se 





628 M.S. LEVY, MARSCHELLE H. POWER AND E. J. KEPLER Volume 6 


TABLE 12. Group VIII: ALL OTHER DIAGNOSES CLINICALLY NOT ADDISON’S DISEASE! 











Sex Positive Negative Positive’ Negative 
Age, ——-——_| procedure I | procedure I | procedure I} procedure I 
| Fe- | Positive Negative Negative Positive 
male procedure II procedure II|procedure II/procedure II 


Diagnosis yr. 
Male} 








| 





| 
1. Chronic —|20-65| he aS ee ae ee 
nervous | | | 
exhaustion 
(16 cases) | | 
2. Carcinoma | 61 1 0 | 0 | 0 | I | 0 
of prostate | | 
removed 
(1 case) | | 
3. Diabetes 135-60} 2 1 0 | 
mellitus 
(3 cases) | 
4. Hyperpara- |20-27, 2 | 0 2 0 | 
thyroidism, | 
| 


“I 


osteitis | 
fibrosa cys- | 
tica, renal | 
damage | | 
(2 cases) | 
5. Psychopathic|19-67, 2 2 | 0 | 4 | () | 0 
personality 
(4 cases) | | 
6. Neurologic |27-341 2 | 1 0 | 3 0 0 
disorders | | | 
(3 cases) | 
. Pemphigus |39-42) 1 | 1 | 0 | 2 
(2 cases) | 
8. Miscellaneous}18-58) 7 | 0 
minor 
disorders | 
(7 cases) | 
9. Negative 22-45 
examination | | 
(6 cases) | | | | | | 
1 One patient who had chronic nervous exhaustion had active pulmonary tubercu- 
losis. No other patients gave evidence of tuberculosis. 


“J 


0 


—) 
~“I 
> 


RO 0 | 6 0 0 











(4, 9). It may also be due to the decrease of adrenal cortical function 
secondary to the anterior pituitary insufficiency (30, 40). None of the 
patients suffered from malnutrition or cachexia but all demonstrated a 
deficiency of function of other endocrine organs, mainly the thyroid and 
gonads, as well as the anterior pituitary. Two patients were unable to 
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withstand deprivation of sodium chloride and four derived considerable 
benefit from intramuscular injections of adrenal cortical extract. From the 
latter it would seem that the positive reaction to the water test here found 
is due to secondary adrenal cortical insufficiency. In two cases a regimen 
of treatment consisting in concurrent administration of stilbestrol, desic- 
cated thyroid and either desoxycorticosterone acetate or cortical extract 
in therapeutic doses failed to cause a return of the response to the water 
test to negative, despite considerable symptomatic improvement. 

Group VIII (Table 12).—Group VIII is made up of 44 cases in which 
many varied diagnoses were made, including both organic and functional 
disorders. The patients do not fall into any category previously discussed 
and in only three cases was the result of the water test positive. Two pa- 
tients who had hyperparathyroidism, osteitis fibrosa cystica and renal 
damage gave repeatedly positive reactions to the water test. One patient 
from whom a carcinoma of the prostate had been removed and who 
complained of weakness and loss of weight had a positive response to pro- 
cedure I. No patient whose examination gave negative results was found 
to have a positive response to the water test. The diagnoses and findings 
of this group are summarized in Table 12. 


VII. SUMMARY AND CONCLUSIONS 


Two procedures originally described by Robinson and two of us [Power 
and Kepler (29)| have been found to be of value in establishing or refuting 
the diagnosis of Addison’s disease. The first (procedure I) is based on the 
inability of patients having adrenal cortical insufficiency to excrete orally 
ingested water at the normal rate. The second (procedure II) employs a 
formula which takes into account the volume of excreted urine and the 
clearances of urea and chloride from the blood. 

On the basis of experience in the use of these procedures at the Mayo 
Clinic in the period from January, 1941, to May, 1945, inclusive, the fol- 
lowing conclusions are drawn: 

1. The delayed excretion of water, such as usually occurs in Addison’s 
disease, will not, in and by itself, establish the diagnosis of Addison’s dis- 
ease. False positive responses to procedure I may occur in a wide variety of 
seemingly unrelated clinical conditions. Such false positive responses usu- 
ally indicate the presence of organic illness but the illness does not neces- 
sarily have to be Addison’s disease. 

2. Normal diuresis following the oral ingestion of water (false negative 
result of test) occurs relatively infrequently in cases of Addison’s disease, 
having been found in nine instances in a series of seventy-four cases. When 
such a false negative result is encountered, it is difficult to establish the 
diagnosis of Addison’s disease by any other diagnostic procedure. 
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3. In the presence of adequate clinical evidence and failure of normal 
diuresis, the diagnosis of Addison’s disease can usually, but not invariably, 
be established by procedure II. This procedure occasionally gives false 
positive results but these occur with much less frequency than does de- 
layed diuresis. False negative results occur even more rarely and, when 
they do, it is again difficult to establish the diagnosis of Addison’s disease 
by other laboratory criteria. 

4. Administration of sodium chloride, desoxycorticosterone acetate or 
adrenal cortical extract in amounts commonly employed in the treatment 
of Addison’s disease did not seem in a limited number of cases to rectify 
the abnormal factors that account for the production of abnormal water 
tests. 

5. Patients having Addison’s disease apparently lack the capacity to 
excrete at normal rates both orally ingested water and water given intra- 
venously as 5 per cent solution of glucose. From this one may conclude 
that even if ingested water were absorbed at a normal rate, its rate of 
excretion would be delayed. The abnormal mechanism responsible for this 
delayed excretion has not been demonstrated. There is the possibility that 
both the distribution of water in the body and altered renal function may 
be involved. 

6. If procedures I and II give negative or indecisive results and there is 
good clinical evidence for Addison’s disease, or if there is any reasonable 
doubt regarding the diagnosis, the Cutler-Power-Wilder test, or salt depri- 
vation of longer duration than that involved by the Cutler-Power-Wilder 
test, should be employed. It should be realized that the latter two proce- 
dures are not without danger if the patient does have Addison’s disease. 
The physician should be prepared to treat addisonian crisis if this occurs. 
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CHANGES IN THE PROMINENCE OF THE EYES 
IN VARIOUS THYROID STATES! 


B. M. DOBYNS, M.D., anv S. F. HAINES, M.D. 


Division of Surgery, and Division of Medicine, 
Mayo Clinic, Rochester, Minnesota 


OLLOWING thyroidectomy for exophthalmic goiter there frequently 

occurs an increase in the prominence of the eyes even though the pa- 
tient’s gross appearance suggests improvement in the exophthalmos. This 
observation was reported by Soley (3) in 1942 and (4, 5,) 1944, and con- 
firmed by Dobyns (2) in 1945. As a sequel to studies described elsewhere 
we have studied by actual measurements the changes in the prominence 
of the eyes in other pathologic thyroid states during the course of various 
kinds of treatment. 

METHOD 


As previously described in another communication (2), the eyes of these 
patients have been measured with the Hurtel exophthalmometer. All meas- 
urements were made by the same observer who used the same instrument 
which was set at the same interocular setting for any one patient. The 
measurements were made as nearly as possible at the same time of day 
(about noon). The present study is a continuation of a former one in which 
several thousand measurements on the eye were made. Methods thus were 
well established. Attempts were made to have the relative position of the 
head and the rotation of the eyes as constant as possible in the series of 
measurements. It has been shown that the averages of multiple (six) daily 
determinations over a period of time make it possible to recognize minute 
changes in the prominence of the eyes. 

Group 1 consists of 28 cases of exophthalmic goiter in which the changes 
in the eyes were observed in the preoperative period of iodine therapy. A 
composite picture made from 96 observations (576 readings) on these 28 
patients shows an average increase in prominence of the eyes of slightly 
less than 1 mm. during the time of administration of iodine. The patients 
were divided into two groups depending on whether or not they had had io- 
dine therapy before coming under our observation. The difference noted in 
the two groups is very slight. Figure 1 represents the changes in the 
prominence of the eyes accompanying iodine therapy. 

Group 2 consists of eleven cases of exophthalmic goiter in which meas- 
urements of the eye were obtained before and for a few weeks after 


Received for publication May 10, 1946. 
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Fic. 1. Changes during the course of administration of iodine. 


thyroidectomy and in which, for any reason, the patients returned and were 
observed after an interval of from two to twelve months. Clinical signs of 
myxedema did not develop in this group of patients. The data on this group 
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are shown in Figure 2. Values for basal metabolic rates varied from —2 
per cent to —26 per cent when the patients returned and in ten of the 
eleven cases the basal metabolic rate had declined since it was observed 
two or three weeks after thyroidectomy. The increase in the prominence of 
the eyes which was recognized at least to some extent in all cases in the 


Post-thyroidectomy with myxedema 
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first three weeks after thyroidectomy had further increased in all but two 
of the eleven. The changes in prominence of the eyes varied from a decrease 
of a fraction of a millimeter to an increase of 4.5 mm. Changes of less than 
1 mm. were not considered significant in this or any other group. 

Group 3 was similar to Group 2 except that clinical evidence of myxedema 
had developed in the eight patients in this group. An increase in the 
prominence of the eyes in the first three weeks following thyroidectomy 
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Fig. 4. Typical changes after thyroidectomy in a case of myxedema. 
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had been observed in all eight patients, and all had a recognizable subse- 
quent increase when they were found to have myxedema. This increase 
varied from 0.25 mm. to 3.75 mm. The changes in the prominence of the 
eyes and basal metabolic rate are represented graphically in Figure 3. Treat- 
ment with thyroid in quantities sufficient to raise the basal metabolic rate 
to approximately normal levels resulted in an accompanying regression in 
the prominence of the eyes in seven of the eight cases. The most marked 
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regression was 1.75 mm. The individual record of a single patient in this 
group is given in Figure 4. 

Group 4 consisted of thirteen cases of spontaneous myxedema in which 
measurements of the eyes were made in the course of treatment with desic- 
cated thyroid. A decrease in the prominence of the eyes was observed in 
all cases. This decrease varied from 1 mm. to 2.75 mm. (Fig. 5). One pa- 
tient included in this group (marked with asterisk in Figure 5) had so- 
called pituitary myxedema due to anterior pituitary insufficiency. It is 
notable that the decrease in the prominence of the eyes during treatment 
of this patient was essentially similar to that of other patients in this 
group. Figure 6 illustrates the pattern of response in the eyes and the 
changes in the basal metabolic rate in a single case of spontaneous myx- 
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edema. The graphic picture is similar to that in cases of myxedema after 
thyroidectomy. The loss of weight by this patient is recorded. 


Exophthalmic goiter —thiouracil 
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Fic. 7. Changes in cases of exophthalmiec goiter in which 
the patients were treated with thiouracil. 


Group 6 consists of eleven cases of exophthalmic goiter which were 
treated with thiouracil. In all patients a significant decline in the basal 
metabolic rate was noted. Some increase in the prominence of the eyes 
occurred in every case. This increase varied from 0.5 mm. to 4.75 mm. In 
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seven of the eleven an increase of 1.5 mm. or more was observed. Occa- 
sionally when the decline of the basal metabolic rate was delayed, the 
changes in the eyes were delayed similarly. There was, however, no strict 
parallelism between the degree of change in the eyes and the degree of 
change in the basal metabolic rate. As the normal range of basal meta- 
bolic rate was reached, the increase in the prominence of the eyes was usu- 
ally more acute. The graphic representation of the basal metabolic rate 
and the measurements of the eyes in these cases is shown in Figure 7. 
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Vig. 8. Changes in a case in which serious exophthalmos developed 
during treatment with thiouracil. 


In one case in this group the changes in the eyes became so marked as to 
cause alarm. When the patient was first seen, recurrent exophthalmic goiter, 
moderate exophthalmos and more than the usual amount df edema of the 
lids were present. The basal metabolic rate fell from +33 per cent to —5 
per cent when thiouracil was administered and the prominence of the globes 
increased from 20.5 mm. to 25.25 mm. (Fig. 8). Edema of the lids increased, 
chemosis appeared, and these symptoms were accompanied by considerable 
pain in and behind the eyes. Signs and symptoms of the eyes continued to 
increase when desiccated thyroid was given and when iodine was added in 
the treatment. When administration of thiouracil was stopped and the ad- 
ministration of desiccated thyroid and iodine was continued no further 
protrusion occurred, the appearance of the eyes improved, and the pain in 
the eyes diminished and later disappeared. 
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Group 6 consisted of nine cases of mild exophthalmic goiter with exoph- 
thalmos, swelling of the lids and slight chemosis. The record of changes in 
four of these cases is shown in Figure 9. Some of the patients in this group 
had previously undergone thyroidectomy. Treatment with desiccated thy- 
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Fic. 9. The results of treatment in cases in which exophthalmos, swelling 
of the lids and chemosis had occurred. 


roid or with desiccated thyroid and iodine was given and the changes in the 
eyes were observed carefully. The changes that occurred when desiccated 
thyroid was administered alone were too slight to be definitely significant, 
although in a few instances temporary regression occurred. The regression 
never exceeded 1.25 mm. in any case in this group and in no case was the 
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improvement sustained. The administration of iodine either had no effect 
or was followed by slight increase in prominence of the eyes, especially if 
the basal metabolic rate was appreciably lowered. 


COMMENT 


Use of several of the methods commonly employed in the control of 
exophthalmic goiter—administration of iodine, thyroidectomy and ad- 
ministration of thiouracil—is usually followed by an increase in the 
prominence of the eyes. This increase is ordinarily of slight magnitude and 
frequently would be unrecognized except by actual measurements of the 
position of the globes. Actually the gross appearance of the eyes was im- 
proved in most cases, probably because retraction of the eyelid and con- 
traction of facial muscles were decreased. The development of myxedema 
in the cases here reported was accompanied by an additional increase in the 
prominence of the eyes. In these cases regression in the prominence of the 
eyes was usually induced by the administration of desiccated thyroid. The 
rapidity with which the increased protrusion decreases during treatment of 
myxedema suggests that the protrusion may be due, in part at least, to an 
increase in the amount of fluid in the tissues in the orbit. A decrease in 
prominence of the eyes of similar degree has been observed in patients 
who have become dehydrated in the first few days after abdominal opera- 
tions (2). 

Whether the orbital changes noted in the majority of cases recorded 
herein are similar to the orbital changes occurring in severe progressive 
exophthalmos is questionable. Our data do not suggest an answer to this 
question, although very severe exophthalmos developed in one case in the 
group in which patients were treated with thiouracil. A similar occurrence 
also has been reported by Williams and Bissell (6), and Barr and Shorr (1) 
have reported one instance in which 4 mm. of protrusion of the eyes devel- 
oped during thiouracil therapy. It is possible that the slight global pro- 
trusion which so often follows thyroidectomy, administration of thiouracil, 
or the development of myxedema may be an added factor of some signifi- 
cance in those cases in which other factors predisposing to severe, progres- 
sive exophthalmos are present. 

Some observers have attributed the exophthalmos in exophthalmic goi- 
ter to activity of the pituitary gland. The occurrence of a decrease in the 
prominence of eyes during the course of treatment of a case of anterior 
pituitary insufficiency with myxedema suggests, but does not prove, that 
thyroid stimulating hormone was not responsible for the protrusion in 
this instance. The changes in the position of the globes in this case were 
comparable in degree to those in the other cases in this series. 
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SUMMARY 


Actual measurements of the position of the eyes show that the eyes 
usually protrude in cases of exophthalmic goiter in which the patients are 
receiving iodine, in similar cases following thyroidectomy, in cases of 
exophthalmic goiter in which postoperative myxedema develops, and dur- 
ing the course of treatment of exophthalmic goiter with thiouracil. The pro- 
trusion is slight in most of the instances recorded herein. Because of dimin- 
ished retraction of the lid and lessened contraction of facial muscles, the 
gross appearance of the eyes was improved in most cases. In one patient 
treated with thiouracil a serious degree of exophthalmos and edema of the 
lids occurred. 

Treatment of either postoperative or spontaneous myxedema is usually 
accompanied by decreased prominence of the eyes. A similar change oc- 
curred in one case of anterior pituitary insufficiency. The change in position 
of the eyes is also slight in magnitude and parallels the decrease in weight 
in these cases of myxedema. 
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THE NATURE OF BENADRYL ACTIVITY: 
GLUCOSE TOLERANCE CURVES'! 


H. REINSTEIN, M.D., anp T. H. McGAVACK, M.D. 


TRIKING anti-histamine (1, 5-8, 14-22, 24-26, 31-33) and anti- 

spasmodic (5, 9, 10, 16, 26) properties have been demonstrated for 
benadryl. Similar effects are produced by a number of sympathicomimetic 
drugs. However, unlike epinephrine-like compounds, benadryl has not in- 
creased the pulse rate or blood pressure, nor produced nervousness and 
excitability (22). On the contrary it may lower blood pressure (22) and 
cause drowsiness (22, 26). 

In order to elucidate further the nature of the action cf benadryl, we 
were prompted to investigate its effect upon glucose tolerance in fourteen 
subjects following the administration of a single dose. The dosage selected 
was neither optimal nor maximal and was the arbitrary amount used in 
eliciting other pharmacologic and therapeutic effects. 

PROCEDURE 

Fourteen convalescent patients ranging in age from 21 to 71 years and 
about equally divided as to sex were chosen at random from the medical 
and surgical wards of the hospital. None of the patients was diabetic. All 
were fed a diet of 2,300 calories (carbohydrate 200 gm., protein 95 gm., fat 
125 gm.) throughout the period of investigation and for at least three days 
before the first tolerance test was made. 

Three glucose tolerance tests, performed according to a modification of 
the method of Thorn (30), were completed in ten of the subjects, and two 
glucose tolerance tests were completed in four subjects. They were carried 
out with intervals of three or four days. For each test each subject 
was given intravenously 0.5 gm. of glucose per kg. of body weight. The con- 
centration of the glucose solution was 20 per cent. Fifteen minutes was 
allowed for the infusion. Samples of blood were taken at intervals of 30, 
60, 90, 120, 150, and 180 minutes after the fasting specimen. Blood sugar 
determinations were made by the microcolorimetric, ferricyanide method 
of Folin on capillary blood. 

The first glucose tolerance test, performed after three days on the stand- 
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TABLE 1 








Volume 6 


Blood sugar levels (mg./100 cc.) at intervals (min.) following glucose infusions. 
The first, second and third rows of figures represent tests performed without benadryl, 
following an oral dose of 400 mg., and following an injection intravenously of 30 mg. re- 








spectively. The control subjects received no benadryl at any time. 
Case No. Age Fasting 30 60 90 120 150 180 
1 71 90 260 208 168 122 80 82 
106 270 180 202 156 134 134 
102 246 188 106 90 94 100 
2 59 85 120 — 110 85 75 — 
60 130 — 110 60 50 — 
60 120 — 92 75 55 — 
3 59 70 270 178 148 104 76 64 
50 300 200 134 130 68 64 
82 230 120 80 56 50 50 
4 59 80 280 240 142 80 64 72 
80 280 214 94 80 100 60 
76 186 276 102 58 60 60 
6 56 120 290 234 200 132 106 80 
50. 204 154 110 94 104 100 
46 180 130 90 96 60 48 
6 54 70 135 _— 65 65 75 — 
66 150 — 110 60 50 — 
60 120 — 40 40 50 — 
7 53 90 230 174 120 85 62 70 
64 190 144 116 74 50 50 
8 49 70 248 176 130 90 58 58 
56 240 170 83 56 52 45 
74 294 240 184 154 62 62 
9 49 135 276 260 195 170 134 134 
204 280 276 256 250 170 154 
94 200 224 150 134 70 74 
10 46 70 200 110 90 70 72 56 
100 300 140 80 70 72 80 
11 25 74 176 78 76 74 76 78 
90 310 90 90 90 92 90 

















September, 1946 NATURE OF BENADRYL ACTIVITY 645 


TABLE 1. Continued 








Case No. Age Fasting 30 60 90 120 150 - 180 
12 31 74 260 154 122 84 72 100 

80 240 106 60 74 88 86 

96 250 160 180 76 98 112 

13 28 58 280 178 72 68 58 56 
120 212 186 84 90 106 110 

50 144 58 56 53 50 52 

14 20 70 240 90 74 74 62 64 

80 230 74 74 74 74 74 


CONTROL SUBJECTS 


16 23 88 166 210 150 136 76 80 
76 126 180 116 66 60 50 
66 220 180 120 86 60 56 
16 24 86 240 140 90 84 76 76 
95 320 250 250 64 60 94 
100 320 180 90 100 70 64 
17 46 80 160 90 90 66 50 88 
65 210 140 70 60 50 60 


74 220 120 80 76 70 70 








ard diet, represented the normal or control for each subject. The second 
test, made three days after the first, was begun one half hour after the in- 
gestion of 400 mg. of benadryl in a single dose. The third sugar curve ob- 
tained four days after the second, was started one half hour after the intra- 
venous administration of 30 mg. of the drug. In the four subjects on whom 
only two tests were done the second test was similar to that used in the ten 
patients above. All subjects were kept in bed while each test was being com- 
pleted. 

In addition to having each patient serve as his own control, three non- 
diabetic subjects were used as ‘‘over-all controls.”” They were kept on a 
standardized diet for a period of time similar to the test subjects. Glucose 
tolerance tests were performed on each at identical periods but in no in- 
stance was benadryl administered. 


RESULTS 


The blood sugar levels obtained with each of the tests are shown in the 
accompanying table (Table 1). In Figure 1 (A, B, C & D), four representa- 
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olid line—blood sugar values prior to administration of benadryl. 
Dotted line—average blood sugar values following the administration of benadryl. 
Dot-dash line—composite curve for all patients representing the effect of a single dose 


of 30 mg. of benadryl intravenously. 
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tive glucose tolerance curves amply illustrate the variations obtained in suc- 
cessive tests. A composite curve for the fourteen individuals was plotted 
after each test and is presented in Figure 2. The resultant blood sugar levels 
fell within the accepted range of normal in each of the subjects prior to the 
administration of benadryl (Figure 2). 

The blood sugar levels following the administration of 400 mg. of bena- 
dryl in a single dose showed definite variations from the control. One half 





Fia. 2 Fig. 3 


of the subjects developed an increased tolerance for glucose as evidenced 
by lower levels for blood sugar at fixed points along the curve as compared 
with the control. In the remainder there was no change or an actual de- 
crease in sugar tolerance as evidenced by higher blood sugar levels at fixed 
points along the curve when compared with the control. However, when 
all figures obtained were averaged and plotted into a single graph the re- 
sultant curve (Figure 2) closely paralleled that of the control. Of the 50 per 
cent. who developed a decrease in tolerance following benadryl, all were be- 
low the age of fifty except one (Case No. 1). Conversely, all of the patients 
who exhibited an increased tolerance were over fifty years of age. The sexes 
of the patients had no notable effect upon these variations. 

The composite curve for all patients, representing the effect of a single 
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dose of 30 mg. of benadryl intravenously (Figure 2), indicates that an in- 
crease in sugar tolerance occurred. 

The results of the glucose tolerance tests performed on the three control 
subjects have been averaged (Figure 3). The blood sugar levels became in- 
creasingly greater with each successive test (Table 1, Figure 3). 


DISCUSSION 


The factors normally responsible for the maintenance of blood sugar and 
the configuration of the tolerance curve are: 1. The rapidity of absorption, 
2. the extent of the storage and utilization of glucose by the tissues, and 3. 
the rate of discharge of sugar from the liver (2). These factors are further 
regulated by the action of the adrenals, pituitary and the pancreas (4). 

The common belief that the administration of glucose stimulates the 
pancreas to secrete more insulin has been discarded by Soskin, Allweis, and 
Cohn (29). From studies with pancreatectomized dogs, they concluded 
that the liver and not the pancreas is the major factor in determining the 
normal glucose tolerance test and that the liver mediates its action on blood 
sugar only when a satisfactory endocrine balance is maintained. 

The variation in blood sugar levels observed after repeated glucose . 
tolerance tests has been extensively reported. Most of the reports deal with 
observations made after oral glucose tolerance tests. Freeman, Looney 
and Hoskins (11), working with 34 non-diabetic patients observed wide 
variations in blood sugar levels on repetition of the oral glucose tolerance 
tests. However, the diets given their subjects were not standardized. In 28 
of their patients glucose tolerance tests were repeated after an interval of 
one week, and in the remaining seven patients the intervals between suc- 
cessive tests ranged from two to eight weeks. They observed an average 
variation of 9 mg. per 100 cc. in the fasting level for blood:sugar and of 31 
mg. per 100 cc. one hour after an ingestion of glucose. The maximum devia- 
tion at the latter period was 90 mg. per 100 cc. 

Nielsen (23) performing three to four glucose tolerance tests at four day 
intervals on eight non-diabetic patients who were maintained on a uniform 
diet, observed that the blood sugar levels were comparable in regard to 
height but that the time of rise in relation to the ingestion of glucose was 
different on succeeding days. The point at which the peak of the curve ap- 
peared varied in relation to the nature of the foods eaten and the amount 
of liquids, salts, etc., ingested. If these features were completely stand- 
ardized as in one of his subjects, then the curves were comparable through- 
out. 

Another investigator (28) observed the effect of repeated glucose toler- 
ance tests in seventeen normal young subjects maintained on a uniform 
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diet. The glucose tolerance curves were highly comparable in nine instances 
and markedly varied in the other eight. 

Of 56 non-diabetic adults observed by John (13), those who had normal 
glucose tolerance curves initially gave comparable and parallel results on 
repeated tests. 

The variations in the corresponding blood sugar levels of the first and 
second glucose tolerance tests performed on our subjects are well within 
the levels of technical error and are in general agreement with the observa- 
tions of the above investigators. Indeed, the intravenous procedure em- 
ployed by us eliminates certain undesirable features to be encountered 
when the glucose test meal is given by mouth, features already discussed 
in detail by others (1, 23, 28). The variations in levels for bload sugar ob- 
served in Curve 2, representing values obtained after a single dose (400 
mg.) of benadryl, were within normal range. It was concluded that 
benadryl] did not influence them. 

The persistent and uniform finding of lower levels for blood sugar after 
a single intravenous dose of 30 mg. of benadryl was striking. The average 
variation for the fourteen patients was 7 mg. per 100 cc. in the fasting 
specimen and 75 mg. per 100 cc. at the one half hour period. The other 
portions of the two curves were closely comparable. 

We are unable to account for the lowering of blood sugar following the 
intravenous injection of benadryl, or for the fact that a difference in effect 
was produced by altering the mode of administration. If this influence is 
mediated through the autonomic nervous system, then an anti-acetyl- 
choline (5, 26, 27) or an atropine-like (3, 12, 18) effect should have ap- 
peared, with a consequent increase in the values for blood sugar. The 
powerful antihistamine action of the drug does not immediately suggest a 
modus operandi for the decrease in the glucose of the blood. In other 
words, the positive effect of histamine-release in raising blood sugar under 
conditions of stress does not necessarily mean that conversely an inhibi- 
tion of its activity in the resting organism will result in a lowering of the 
glucose value. This possibility has not yet been fully explored, but a 
priori does not appear to be a fruitful approach to our problem. 

If we are to assume that the results obtained in the third glucose toler- 
ance test represent a phase of liver exhaustion, then it is difficult to ex- 
plain the findings in the three control subjects in whom the resultant blood 
sugar levels after the third tests were higher than those of the first and 
second tests (Figure 3). Since’ the liver appears to be the major factor 
responsible for the maintenance of blood sugar levels, it is possible that 
benadryl when given intravenously produces some action upon that or- 
gan, perhaps aiding in the storage of glycogen. As yet, however, we know 
of no experimental proof of any such action. 
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SUMMARY 


Intravenous glucose tolerance tests were repeated at three and four 
day intervals on fourteen non-diabetic subjects. A single dose of 400 mg. 
of benadryl by mouth and 30 mg. of benadryl intravenously were ad- 
ministered respectively before the second and third tests were performed. 

Previous investigations with the oral method of glucose tolerance re- 
vealed that there are normal variations in repeated tests. Analysis of 
our data showed that benadryl when given by mouth has no apparent 
effect on glucose tolerance. When given intravenously it appears to in- 
crease sugar tolerance, a phenomenon which may be mediated through | 


the liver. 
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PANCREAS 


SAILER, S. AND M. M. ZInNINGER. Massive islet cell tumor of the pancreas 
without hypoglycemia. Surg. Gynec. & Obst. 82: 301-05 (1946). 


A large pancreatic tumor was removed from a 48 year old woman known to have had a 
palpable abdominal mass for two or three years. She had symptoms of duodenal ulcer 
but no clinical or biochemical evidence of hyperinsulinism. The tumor was composed 
almost exclusively of functionally inactive delta type islet cells. Local recurrence and 
widespread metastases occurred, and the patient died four years after removal of the 
tumor.—J.M. 


WaLKeErR, H. AND W. P. Bocrr. Adenoma of the islets of Langerhans with 
hypoglycemia. Arch. Int. Med. 75: 109 (1945). 


With the report of two of their own cases and 10 from the literature the authors have 
raised the number of benign adenomas of the islets of Langerhans which have been 
successfully removed at operation with recovery of the patients to 56. A brief discussion 
of hyperinsulinism in its relationship to the endocrine system has been presented and the 
therapeutic implications stated. The authors believe that the study of this condition 
will be furthered if more attention is paid to the alterations produced in the other en- 
docrine glands. Surgical removal of these tumors is indicated as the most effective ther- 
apy, and this treatment is imperative in order to prevent damage to the central nervous 
system as a result of long-standing hypoglycemia. The question of the cause of any new 
growth is challenging, but it seems doubly so in the case of a new growth which functions 
in the body’s economy. Authors’ Conclusions.—I.B. 


THYROID 


Dosyns, B. N. Studies on exophthalmos produced by thyrotropic hor- 
mone. I. A study of exophthalmos produced by various thyrotropic hor- 
mones and the influence of the testes on the exophthalmos. Surg., Gynec. 
& Obst. 82: 290-300 (1946). 


The exophthalmos-producing effect of a variety of preparations of thyrotropic hor- 
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mone was studied in guinea pigs. Antuitrin T produced toxic manifestations, weight loss 
and exophthalmos. A so-called purified thyrotropic preparation caused hyperplasia of 
the thyroid epithelium of intact animals but did not produce exophthalmos nor toxic 
manifestations in thyroidector ized animals. A crude thyrotropic product, given in the 
same concentration in terms of thyroid-stimulating effect as the purified preparation, 
produced exophthalmos and slight toxic manifestations in thyroidectomized animals as 
well as hyperplasia of the thyroid epithelium of intact animals. The specific metabolic 
principle did not produce exophthalmos. Orchidectomy had no inhibitory effect on the 
exophthalmos produced by thyrotropic hormone.—J.M. 


GotpFIncER, D. Excessive self-administered dosages of thyroid extract. 
Ann. Int. Med. 24: 701-704 (1946). 


The case of a patient with psychic disturbance who ingested large amounts of thyroid, 
sometimes as much as 100 grains daily, is reported. The patient’s weight declined from 
1663 to 80 pounds. Electrocardiograms at the height of thyroid feeding revealed low 
T waves. As thyroid was withdrawn, the amplitude of the T waves increased.—J/.M. 


Hare, L., anp J. O. Rircuey. Apathetic response to hyperthyroidism; 
‘report of two cases. Ann. Int. Med. 24: 634-37 (1946). 


Two cases of Graves’ disease characterized by apathy, resignation, weight loss and 
prostration are reported. Simmond’s disease, tuberculosis, Addison’s disease, anorexia 
nervosa and acute depressive psychosis were considered in the differential diagnosis. The 
symptoms were ultimately relieved by thyroidectomy.—J/.M. 


Lesszs, M. F. ann S. L. Garaiuu. Thiouracil as a cause of neutropenia and 
agranulocytosis. New England J. Med. 233: 803-811 (1945). 


Four cases of neutropenia or agranulocytosis with one fatality among 62 patients 
treated are discussed in detail. Bone marrow studies were made in two cases and showed 
hypoplastic marrow with granulocytic aplasia. A review of all reported cases of neutro- 
penia or agranulocytosis caused by thiouracil is presented and various causative mech- 
anisms were discussed. It is considered that hypersensitivity is more significant than the 
dosage-time factor and that the neutropenia is produced by the depression of the bone 
marrow causing arrest of maturation at the promyelocyte state and possibly the destruc- 
tion of cells beyond this stage. The prevention and treatment of the condition are dis- 


cussed.—L.T.S. 


Newmav, E. V. Thiouracil and hyperthyroidism. Med. Clin. North America 

29: 302 (1945). 

This is a review of the literature of the subject, comments on 34 cases treated with 
thiouracil, and the citation of six illustrative cases in which the drug was used pre- 
operatively. Of the 34 cases, 29 had diffuse toxic goiters, four had adenomatous goiters 
and one had carcinoma proved by histological examination. The first six patients were 
prepared for operation by thiouracil alone; thereafter patients received thiouracil and 
iodine simultaneously. The usual dose of thiouracil was 0.6 gm. daily, divided in three 
doses throughout the day. The author points out that regardless of whether long term 
treatment is practicable, it seems fairly certain that thiouracil will have a definite place 
in preparation of the thyrotoxic patient for operation. The completeness and certainty 
of the response to the drug, and the depletion of the thyroid gland of hormone at the 
time of operation are practical advantages. The administration of both thiouracil and 
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iodine simultaneously has overcome undue vascularity and friability of the gland at 


operation.—/.B. 


Nussgy, A. M. Thiouracil in the treatment of thyrotoxicosis, Brit. M. J. 

1: 564 (1946). 

The author reports on further observations of twenty-seven cases originally treated 
in 1944 together with twenty-three cases treated since then. A number of the cases 
treated in 1944 had remissions after stopping thiouracil which had lasted over one year. 
A number, however, had recurrences after five to ten months of remission. The usual 
types of toxic systems were observed. The conclusion is reached that thiouracil is con- 
sidered preferable to surgery unless the goiter is large enough to be cosmetically un- 
desirable. In such cases the drug can be used as a preoperative agent.—L.T.S. 


Parkgs, A. 8. Relation between iodine content and biological activity of 
thyroid preparations. J. Endocrinol. 4: 427 (1946). 
Ten preparations of thyroid glands from five different species of animals were tested 
for their ability to eause metamorphosis in tadpoles. The acid-insoluble iodine of the 
thyroid preparations appeared to be all thyroxine iodine.—L.T7.S. 


ZONvDEK, H., anp G. Wourson. Myxedema and psychosis. Lancet 2: 438 
(1944). 


Zondek and Wolfson report the case of a previously healthy woman of 23 in whom 
all the signs of myxedema developed after delivery of a normal, healthy child. The most 
striking feature was the development of true schizophrenia, for which she was admitted 
to a mental disease hospital eighteen months after delivery and treated, with little im- 


provement, with insulin and electric shock. 

At the end of the eighteen months she was given “‘Thyroidin,” 0.2 gm. four times a 
day, and by the fourth day her urinary excretion had risen from 1,000 to 2,700 cc. The 
psychosis was better in this short time and cleared in a fortnight. There was no change 
in the basal metabolic rate at the time the mental change was first evident; of the ob- 
jective signs, only the urinary output altered. Her voice was clearer, the reflexes were 
more active and the palpebral fissures wider by the end of the first fortnight. A year 
later she was still physically and mentally well and was still receiving 0.2 gm. of thy- 
roidin daily in alternate weeks. The authors believe that the favorable effect of the drug 
was due to dehydration of the cerebral tissue.—Abst., Arch. Neurol. & Psychiat. 


ASSOCIATION NOTICE 


Dr. Kenneth W. Thompson, Managing Editor of this JourNAL, has asked to be 
relieved of his duties with the Journat. Dr. Kenneth W. Thompson has suc- 
cessfully conducted the JourNAL through the difficult years of the war. Due, how- 
ever, to the assumption of other professional responsibilities, Dr. Thompson has 
submitted his resignation which has been very regretfully accepted. 

Dr. Willard O. Thompson, formerly a member of the Editorial Board of this 
JOURNAL, has been appointed Managing Editor of the Journal of Clinical Endo- 
crinology. 





WarRREN QO. NELSON 
Earu T. ENGuiE, Chairman 
The Editorial Committee 
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